Background: Stroke subjects presented with greater postural instability which lead to challenge their balance control in sensory conflict conditions. Studies have shown that deficits of sensorimotor integration and an inability to select the appropriate sensory input are associated with balance measures following stroke.However, limited studies have been focused to sensorimotor integration in balance rehabilitation. Objective: Our study aimed to evaluate the Task Oriented Training (TOT) with sensory manipulation to enhance balance and functional mobility in chronic stroke subjects. Design: Randomized controlled pilot study. Setting: Department of Physiotherapy in a Tertiary care Hospital. Subjects: A convenience sample consisting of 26 hemi paretic subjects at least 6 months post stroke duration with Brunnstrom's recovery stage ≥5 for the lower limb and Berg Balance Score of 40 or above were randomly assigned control group (n=13) and in experimental group (n=13). Interventions: Control group received the conventional physical therapy and in the Experimental group received TOT with manipulations of sensory inputs and provision of sensory conflict for the trunk and lower limb focusing on balance and mobility were implemented for 15 sessions, 5 days a week for 3 weeks with each session of 45-60 mints duration. Outcome measures: Dynamic Gait Index (DGI), Timed Up and Go Test (TUGT) and Fall Efficacy Scale (FES) were analyzed before and after the training. Results: Post training there was a significant improvement in all the outcome measurements for both the groups. However components 3, 4 and 5 of DGI, TUGT and FES of experimental group had a highly significant statistical difference between-group analysis with p<.05. Conclusion:Task oriented exercises with altered sensory input was found to be effective in improving functional mobility in terms of dynamic balance and reduction in their fear of fall levels after a 3 week training program.
Introduction
Stroke is the leading cause of high levels of morbidity and long-term functional disability in adults. 1 When balance impairment is affected early after stroke, performance of simple as well as complex tasks become difficult which results in their functional mobility.
2 Impaired balance has also been identified as the strongest predictor of falling, which in turn is related with fear of falling, limited activity and quality of life. Thus, this vicious cycle of balance disability is continued, resulting in delaying the recovery process of stroke rehabilitation. 3, 4 Balance skills are the complexinteractions between multiple sensorimotor processes, environmental and functional contexts. 5 Visual, Vestibular and Proprioception are the three main sensory modalities involved in postural control and they can be modulated dynamically and modified by changes in environmental conditions. 6 In a healthy adult, to control balance in orthostatic position the central nervous system gives priority to one system over another which depends on the functional and environmental contexts. 7 This ability to choose and rely on appropriate sensory input is called sensory re-weighting and it is a continuous process. 8, 9 Balance control also involves a general neural process in central nervous system to resolve the sensory conflicts from different sensory modalities and also synthesizing information from disparate sensory inputs and combiningefferent and afferent information for sensorimotor integration to avoid fall. [10] [11] [12] [13] Following stroke, the ability to analyze, compare, and to select the appropriate sensory information are impaired resulting in problems with sensory reweighting and integration. The decreased ability to maintain static and dynamic balance in stroke has also been related to the inability in selecting reliable visual, vestibular and somatosensory information in order to produce proper motor action necessary to maintain postural stability and balance.Post stroke patients are known to exhibit excessive reliance on visual input for balance and walking and are unable to use somatosensory and vestibular input correctly. [14] [15] [16] Hence to address this deficits of sensorimotor integration adaptation of regular physical therapy exercises with the use of vision and surface input manipulations along with sensory conflict conditions to challenge balance has shown to have positive effects on balance recovery. 17 Recent studies have shown that exercise interventions in the form of task oriented exercises which are intended to reinforce the relationship between training and functional performance, such as exercises in sitting, standing, walking and stair climbing as a strategy to improve balance and functional mobility in stroke patients. [18] [19] [20] Bayouk et al, in their study, found that task oriented balance training with altered sensory input shows significant improvement in standing balance in chronic stroke patients.
14 However, there is very limited evidence on using task-oriented exercises with sensory manipulations in enhancing functional mobility and dynamic balance in stroke patients.
Materials and Methods

Sample size estimation
The estimated power of the study is 80% with 95% confidence interval. The sample size was calculated based on the mean and standard deviation derived from the previous findings. 19 Thus N = 2 (Z α + Z β ) 2 σ 2 / δ 2 Where, Z α = 1.96, Z β = .84, σ (Standard error) = 2.2 and δ (difference in the mean)= 2.33.The sample size was estimated to be 26 (13 in each group).
Procedure
This study was approved by the scientific committee and the Time bound research ethical committee, Kasturba Medical College, Mangalore,Manipal University, Karnataka,India. The study was conducted in tertiary care hospitals Mangalore from March 2011-April 2012. The diagnosis of a stroke was made by a neurologist in all patients and confirmed on computed tomography scan or magnetic resonance imaging of the brain.The purpose of the study was explained to the stroke subjects and on their approval, a written informed consent was obtained from them. Subjects where then screened for study criteria. The inclusion criteria are 1) first episode of unilateral supratentorial stroke2) Brunnstrom's recovery stage of 5 or above for the lower limb 3) Subjects who are able to stand for 5 mints without support 4) Mini Mental State Examination score of 23 or more 5) Berg Balance Score of 40 or above. The exclusion criteria are 1) Any severe limitation that would limit the subject's participation in the exercise program or interfere with functional assessments performed in this study 2) Presence of vestibular disorders, vertigo or somatosensory deficits 3) Presence of visual problems like homonymous hemianopsia 4) Presence of severe orthopaedic conditions involving the lower limbs. Demographic data of the subjects included were taken following which, an independent blinded observer, who was blinded to the treatment allocation assessed the stroke subjects for the baseline scores of all the three outcome measures Dynamic Gait Index (DGI) 21, 22 ,Timed Up and Go Test(TUGT) 23, 24 ,Fall Efficacy Scale(FES) 25, 26 The patients were allotted into control group and experimental group following simple randomization and the total intervention period was 15 sessions, 5 days a week for 3 weeks. Subjects in the control group received conventional physiotherapy programe[Appendix 1]. The subjects of the experimental group received task-oriented training with manipulations of sensory inputs and provision of sensory conflict for the trunk and lower limb[Appendix 2].The materials used in TOT training were a Chair,Stopwatch,SwissBall, Exercise Stepper,Cardboard for obstacles, Foams (50cm x 62cm x 8cm),Blindfold Panel made by Cardboard and Visual Conflict Dome. [14] [15] [16] The total approximate duration of training for both control and experimental groups was approximately 45 -60 minutes. Adequate rest periods were provided for the participants during the session. The blinded observer re-evaluated the patient's performance by using the same outcome measures used for baseline assessment at the end of the intervention program following 3 weeks. 
Data analysis
Results
There were 26 subjects included in the study, out of which 13 underwent conventional rehabilitation in the clinic while the remaining 13 were included in the experimental group, wherein they underwent task oriented approach with sensory manipulation. Table  1 shows the group means and standard deviations for age, duration since the onset of stroke and the Berg Balance Scores. It also shows the frequency counts for gender, type of lesion and Brunnstrom stage of recovery. Both the groups were matched for all the above-mentioned criteria, as there were no statistically significant differences found between the two groups. [ Table 1 ] There has been a significant improvement in all the outcome measures in both the groups as evident by table 2(p <0.0001). Although the difference between groups in DGI scores lacks statistical significance (p = 0.206) the TUGT and FESS scores, a highly significant difference has been observed in between the groups (p <0.05). [ Table 2 ] A significant difference within-group total score of DGI suggests a greater improvement in the experimental group. In Table 3 when the individual components of DGI were analyzed a highly significant statistical difference was obtained in the between-group analysis of components 3 Table 3 ] Discussion The aim of the current study was to compare the effectiveness of task oriented exercises with altered sensory input and conventional rehabilitation in improving the functional mobility in stroke patients. The subjects included in the study were in Brunnstrom recovery stages 5 & 6, thus ensuring that excessive spasticity and lower limb basic synergy patterns were not causing balance impairments. 27 The BBS scores of the subjects were above 43 ensuring a higher level of static balance. 28 Since the included subjects were chronic stroke patients, spontaneous recovery was fairly ruled out. 14 The baseline characteristics of all the subjects also showed no significant statistical difference and hence, did not influence the results of the study.
Task oriented training, known to be very effective in rehabilitation of stroke patients, when incorporated with altered sensory input are challenging in nature and progressively induce the patients to use lower limb somatosensory inputs to maintain balance. 18.19 Challenging various sensory systems in the exercises also forces the stroke patients to improve the process of sensory reweighting. 5 Earlier studies done on stroke patients have established the effectiveness of strategies like vision deprivation, sensory conflict conditions and various sensory manipulations on postural adjustments and static balance.
14-17 Thus, the exercises planned for the experimental group was based on these studies on multisensory training on stroke patients.
The present study showed a significant improvement in functional mobility (DGI scores) in the experimental group subjects as well as the control group subjects. Although the between-group analysis showed no significant difference, the improvement in the experimental group had a clinical significance based on the minimal clinically important difference (MCID) of 4 established for DGI. 29 Subjects in the experimental group, post-training, showed improvement, particularly in three components of the DGI comprising of walking with horizontal and vertical head turns and pivot turning. Studies show that although head motions produce little displacement in the body center of mass, the complex information channeled from vestibular, visual and neck proprioceptive afferents must be processed by the central nervous system in relation to motor commands for smooth and rapid execution of head movements while maintaining balance. The altered postural adjustments to head motions observed in stroke patients suggest an underlying impairment in sensorimotor integration. 30 Studies have also found that stroke alters the coordination behavior of head and pelvic rotations, which may contribute to balance dysfunctions during locomotion. Thus specific improvement in the abovementioned components could be the result of sensoryspecific task oriented training that emphasizes on all the sensory systems contributing to an improved functional balance. 31, 32 The improvement in the control group could be a result of a comprehensive impairment based protocol that they underwent and there was no particular trend of improvement seen in the individual components of DGI.
The current study showed that there was a highly significant difference in the between-group scores of TUG. This result is in agreement with studies done previously showing improvement in gait mechanics post a sensory-based rehabilitation program.Itemphasized that sensory input integration is very important for maintaining equilibrium during walking and found that sensory conflict training improves postural adjustment mechanisms, which directly influences walking speed. 33 The present study also showed that there was a moderately significant difference in the betweengroup scores of FES. The baseline fear of falling levels of the subjects was low as the patients had achieved independence in mobility, fairly good static balance, higher recovery stage and no history of falls. The subjects in the experimental group underwent a highly challenging task oriented training program, thereby improving their ability to perform relatively simpler functional tasks listed in the scale. 18, 19 The control group training was also found to be simple and impairment-specific, and hence was not reflected in the fear of falling levels.
Limitations:The study intervention was given only for a period of 15 sessions and hence, only the short term effects was focused upon. The patients could not be followed up in order to ascertain, whether the intervention had long lasting effects. A larger sample size would allow better stratification of the obtained results in terms of age ranges, stages of recovery, balance scores to allow better applicability of the intervention. The current study found the effect of the sensory-based intervention on functional mobility, but if a sensory specific outcome measure like sensory organization test with posturography is used, then the effects of the intervention directly on the sensory system could be evaluated.
Conclusion:
Following 3 weeks of Task oriented training with altered sensory input it was found effective in improving functional mobility in terms of associated head movements and pivot turns. These exercises also positively influenced the patient'sdynamic balance and walking speed. The patients also experienced a reduction in their fear of fall levels after the intervention. Therefore, sensory manipulations can be imbibed in the routine rehabilitation of chronic stroke patients to enhance their functional mobility and independency in ADLs. * pvalues which show statistically significant difference NS-Non Significant
Appendixces
The intervention in both the Groups lasted for a period of 3 weeks i.e. 15 sessions with 5 sessions per week. The duration for the exercises was approximately 45 -60 mints. All the below exercises were done strictly under the supervision of a tester to ensure safety of the subjects. The subjects were allowed to rest for 2 mints in between every new exercise or as and when hewished.
patients finds tandem stance difficult, then he can maintain the same by increasing the step length) 
Session 2
The chest panel was used for all exercises (except 8 & 9) , in order to occlude the sight of the patient's feet.
Sessions 3, 4
The patient was blindfolded for all exercises except 8 & 9* to cause vision deprivation, thereby challenging the vestibular and the somatosensory system.
Sessions 5, 6
The patient was asked to perform all exercises except 1, 2 & 8*, on the foam by manipulating his somatosensory input.
Sessions 7, 8
The patient performed all exercises except 1, 2 & 8*, on the foam with the chest panel to occlude the sight of his feet.
Sessions 9, 10
The patient was blindfolded and was asked to perform all exercises except 1, 2, 8 & 9* on the foam.
Sessions 11, 12
The patient was asked to do exercises no. 2, 3, 4, 5, 6, 7 & 10* on the floor with the visual conflict dome to provide a visual conflict condition.
Sessions 13, 14
The patient was made to do the exercises 2, 3, 4, 5, 6, 7 & 10* with the visual conflict dome on the foam.
*As each balance system was challenged, a few exercises were modified or passed over. This was done as these exercises would be very difficult to perform in the absence of that particular sensory input.
